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Le INTRODUCTION 


1. ‘the Hitriding Process. 


Hitrificetion of steel wes first given serious 
attention ebout 1@1L, at Wetertorn Arsenal, where the 
herG white leyer formed on the bore of guns after re- 
peeteé firing, was observed and studied. (Reference No.1) 
Prior to this, the ironenitrogen dlefram and the effect 
of nitrogen as «zn impurity in lrom anc steei hed been 
investigated. (Reference Li, page 84.) 

The surfsce-hardening proserties of nitrogen 
with Lron and its alloys having been established, in- 
vestigations were cerried aut to develop & process which 
would be of commercial use. (Reference ©). Amazonia gas 
and liculG or gaseous cyanide have se far proved the only 
practical sources of nitrogen for the pro@ees. In 1915, 
Adoloh Machlet, of the Americsn Ges Furnace Compsny, re= 
ceived - petent on the nitriding of ferrous neterials 
by hesting the ferrous alloys in the presence of smmonis 
gae, (Reference 10.) 

Suvstanticlly the same os the present dey 
process, Machiet's patent previced for the pessing of 
emmonia ges over the meterisl to be nitriced st a tempera 
ture of shove SO0°F., at which temperature emaonis dis- 
socirtion takes plree, tne nescent nitrogen ¢ciffusing 


into the surfece of thie metsl. Urert surf>ce herdmecs 








wes procuced by Mechlet's process, but the case obteined 
wes extremely brittie, thin, end spelled bedcly, not only 
in service, but during the process of mitricing. It wes 
evident thet nitriding woulé not prove to be of commerci«l 
veiue until 4 setisfsctory materiel was developed, end in- 
vestigeution went on with this sim in view. 

In 1925, comsereial applicetion first be- 
came Peasible with the development by Dr. Adolon Pry of the 
Krups Works of a speciol steel of Align chromewe Luminun 
content, to tecene knorn in thia country ss Nitrelioy, 
(Reference 10 and others). In teughnese, cepth of esse 
produced, end resistance to spalling it wes fer superior 
to any pravicusly developed nitriding materiel, end ves 
fully their equal in eurfece herdness., Since this la- 
portant discovery, no completely satisfsctory sudstitute 
for HRitrelloy has been found, although certain chrome- 
vanediunm steels have been advanced, snd heave been nitrided 
with fair success. (Reference 5). 

the nitrided rrocuct has the heréest knorn 
steel surfece, verying from 800 to 1f00 Brineli ené 
above. In sdédition to the naturel vwerr-resistent cuaelity 
imparted by its extreme herdness, it hes a cheracteristic 
ability to resist chafing or seizing: nitricec beering 
surfaces heve been /rubb ing contect without Lubrication 
anc under high pressure for long periods without wesr or 
ether 111 effect. It hes excellent corresion-resistant 


of. 


cuglities exeept sgainst chlorine, mineral acids, end «& 
few other agents, experiments incdiceting tnst at elevatec 
temperatures it is etteecked by tetra-ethyl leed. In 
elmost every other way, it is the eouel of stainless steel. 
It has been steted thet its hardness is uneffected by hest 
up to e temperature of 950°F. and retains 60% of its full 
nerdness sfter exposure et L500°F, This gives nitrided 
steel some use as a heet-resistant elloy, end especielly 
recommends it over carburized steel, which is a poor heat 
resistant. A further important adventsage of nitriding 
over carburizing is the comperative simplicity of heat 
treetment, *hich with the lower temperature invelveé results 
in almost no cistortion. This permits the herdening with 
seufety of shepes too complicetec for the carburizing process, 
and elso permits the shor to finish mechine meny erticles 
beSore nitriding. 
2. Object ef Investigsetion 

The primary object of this investigation wes to 
Getermine if introcuction of various reagents during the - 
nitricing precess would result in a neasursble improvement 
in the cese obteined, either by removal of the dissociated 
hydrogen, or by catalyticslly increasing the diescciation 
of ammonic, or by a combination of the tro. Positive 
results, if obtsinec, would be in eccordéence with other 
recent investigetions, which indicated thet the only ob- 


jection to high dissociation was the presence of free 


o@n 
hydrogen in sufficient quantity to cause its absorption by 
the specimens , resulting in an unsetiefsctory cese,. 

Verious nitrogen-bearing compounds such es 
aniline, pyridine, end nitric oxide, nave, when introduced 
with the smmonia, resulted in improved ceases. (Reference 12). 
the supposed effect of these 1¢ to increste ee available 
nitrogen. A similar desirable effect shovlé be odie inable 
if the unvelcome hydrogen component of the ¢cissocictec 
ges were reducec. Several hydrogen removers hive been tried 
among which were copper gauze or pleting (Reference 12) 
and pelledium serap (Reference &). Improvement in cese 
wes noticed when copper zgaure or pleting wes used, but 
the other gave inconclusive results. Fith the object in 
mind of continuing this reserrch, five compeunds, four of 
which were potential hydrogen removers, were selected for 
study. tlIhnere were twe principsel reesons for their choices 
first, thet s beneficisl reaction wes theoreticelly pos- 
sible, second, the meteris] wes cheap anc commercially 
evailsble. These compounds were; Sodium cyanide, éAluws- 
inuz chloride, Chlorineted lime (Ca 0 C1) enc Soc ium 
ang Potassium carbonetes. In fubtner ciscusgion, these 
compouncs will frecuently be referred to as "estalysts®, 

It is recognized thet none of them ere true cetelysts, but 
the term is used for want of a better one. However, their 
effect may be considered catalytic in e broad sense, be- 


Cause each was used in hope of producing a definite inprove- 
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ment by means of © secondary reection. 
Reeults obeined with esch are Giseussed and 
shown in tebles, photomicrographs, and herénees-—depth 


curves. 
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TL APPARATUS 


1. Ritri¢ing Furnece. 


Ihe furance constructed for use in the in- 
vestigetion is shown photogrenhed in Figure 1. ‘The ammonie 
tenk Wae comnmected through « needle velve end rubber tubing 
tc # menifolé, from which seperete lescs sre taken to emch 
furnsee tube. The furnece consisted of four lerge plete 
heeting units, mece by Multiple-Unit Furnace Company, 
arranged im the form of an open-ended box, heevily in- 
Suletecd with "nonprreil" brick end powdered dletomaceous 
earth, e11 joints and crevices being sesled with slundum 
cement. The five nitriding conteiners were heevy nickel 
tubes, one inch internal dismeter, with ebout six inches 
at each end exposed, end projecting outsice of the fur- 
nsce through fitted holes in the furnece brickmor’. 2 4erTe 
was sufficient temsecreture drop elong the exzposec portions 
of the nicxel tubing to permit the use of rubber tide 
steprers without reculgwing ertificial cooling to rrotect the 
rubher. Temper:ture control wes provided by a hand rheo- 
stat in series with the heating coils. Ameonise gas entered 
the tubes from the menifold, pessina first over the cate= 
lyst, then over the specimens to be nitrided, then finally 
diseherging through tubing into a lerge water fer, five 
inehes of water being mainteined as beck pressure on all 


tubes, 


= Pun 
ee Tenvereture Mesnsurement, 


rive theraccouple holes were bored in the front 
briexsork, and « sorties of runs wos made for temperseture 
calibration. These runs incicatec that tube temperstures 
over the six inen ec@entrel renge usead for nitriding had e 
maximum varintion of 15° C. for ¢11 five tubes over the 
norms] nitriding temperature range (800° ~ 1800°F.), and 
that, therefore, a Single temperseture recording, obtained 
py a single thermo¢gouple and potentioneter, wus suffielently 
accurate. This thermocouple was hebituelly placed in the 
ce@htral thermocouscle aperture unless there res an unused 
tube, in which cate, it wes plseeecd in the center tube, with 


ite junction at the midpoint of the nitricing space, 
&. Flow Measurement, 


&£ glass orifice meter wes mounteé neer the 
furneee with tubing se arrenged thet it might ve cuickly 
connected between any ome tube inteke and its manifold 
valve. This meter was cerefully celibrated prior to the 
retusl inveetiction by holcing the pressure drop es indie 
cated in a kerosene column 2 constant, emmonia being dis} 
coarged through the orifice into & meceurecd cuantity of 
Sstanderd fulphuric acié solution to which a few Grops of 


methyl orange had been adcéed. Ammonis wes allowed to flow 





Ba 


at this fixed rete wntil neutralization oceurrvd, «nc the 
weight of ammonie thus determined was convertec into liters 
per hour at atmospheric conditions anc room temperrture. 
Six different rates of flow were obtained end a curve of 
liters ver hour against centimeters of kerosene plotted, 

It was found desirable to leave the flowmeter permanently 
connected to one tube, regulete its menifold valve to the 
desired rate of flow, then edjust the other tube manifold 
veives to give the seme rate of bubble flor at the dis- 
charge bottle, 


&,. bissocistion Wesesurement. 


This apparatus consisted of 2 standard dis- 
sociation pipette menufactured oy the Ludium Steel Co@epany. 
This instrument is based on the extreme solubility of am- 
monia in weter. A messured volume of the gsseeous procéucts 
sre taker: from « discharge line of one tube and intro- 
Guced into e grscueted chamber. Vater is the: allorec to 
flow into the chanuber, entering until it has absorbec all 
the @ndissocisted ommonia. The dissociation in percent is 
then reac directly from the wpeterlevel on the chember 
grecustions. 

Dissociation wes habitually mecsurec on the 


tube in which no céetalyst was used. 


Oo. Hardness Mee surement 
The 4 kilogrse«a Herbert Pendulum Hardness Teeter 
withm Universel Bell Vise used in this inpvestigz-tion 1s 
shorn photographed in figure & This instrument meesures 
herdness of thin eeses ¥ith relatively high eccurecy. 
Time tests of hardness were teken on specimens 
of all runs at every eight hundredth of en inch of cepth. 
G,. Welght deseurenent. 


~~ 


pecimens of three rums were reighed on a 


o 


standerc Becker anelytical balence to the netrest milli- 
grem before end after nitriding, aAncther series of weight 
menpgurements wes taken, specimens being heated to $80° F, 
for thirty minutes, ond weighec oecfore anc efter heeting, 
to determine the reletive hydrogen absorption during 
nitricing. 

7. Determinetion of Quality of Case. 

& Rockwell "no loac*® test was apolied to a 
specimen of each run. The "no locc™ test es cerried out 
in accordsnce with the methods usec by Mr. Robert Sergeson 
of the Central Alloy Steel Corporetion, in the course of 
his extensive reserrch in the nitriding field, enc dis- 
cussed by him in Reference €, 

koekwell impressions vere obtaineé by using 
the Rockwell mechine with dismonc cone, the usuel 150 ke. 
weight being removec. Results of the examinction of the 


impressions obtsined ere tebulatec quelitetively. 





3,0» 
6. Weterisl Usec. 
The materiel useé wes 1° x 1/2" .bar stock. 
itralloy "G", received in the hert treeted serbitic 
confition from the Ludlusa Steel Compeny. The specified 


anelysis is es follewss 


Cerbon oak 
Henge ne se 61 
&ilicon on” 
AlLuminus 1.28 
Chromium 1.42 


Phosohero us e018 
Molybéenuz 18 


Tne vers were first ground on e surfrce 
grinder on both filet sides. The baré were then. given en 
securrte taper of 1/36" on their ineh ef width, cut up 
into 1/2" lengths on a willing mcchine enc finish grouns 
on the surfece grinder. The finisned specinens of 
rescy for the furnece were then wedge-she ped blocks a* 
in length enc 1/2" @n width with height tepering from 
1/£" to 7/16" at the smaller end, the teper he ing 1/16" 
,O0f" per inch of length. 

Lfter the nitriding opers tion, the tapered 
surface was ground cown on tne surfece grinder tili the 
teaver was removed, except for » sm: 11 coupon et the seall 
end, the final cimeneions of the nitrided specimens ceing 
7/16 x 1/8 x 1". Messuring from the immer edge of the 
coupon, which markec the beginning of the grounc ci Se, 
every 1/50 inch of length along the ground up)er surf: ce 


represe-ted a esse depth of 1/ace inch. 
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Hardness of the materiel es received from 

the Luclum Steel Company rongeé@ from 455 te 380 Brinell, 

as Cetermined by Herbert enc Rockwell tests. Other 
physicel properties were not investigeted, 
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III, PROCEDURE. 
le. Choice of Nitricing Conéitions 
(a) Rate of Flow, 

During the preliminary steves of the investi- 
gations, it was ciscovered thet the preeties1 Limits of 
semmonis flow were from 4 to 16 liters per furnece tube 
per hour. Higher retes, when ettemptec, blew out stoppers 
or rubber tubing, ruining « rims lower retes were diffi- 
cult to keep equalized between the verious tubes. VFithins 
the epove limits, the flow «s indicated by meter reading 
on the control tude end bubble flow in the others wes mein- 
tained fairly constent, the emount of fluctuetion during 
@ run being shown in the tebulstions on the centh-hsrdéness 
Gisgrans,. 

(b) Dissectetion. 

It wes originelly intenced to teke. dissocia- 
tion resdings om all tubes, but this couli¢ not be cone with 
& Single dissociation gauge. It wes, therefore, kept per- 
menently connectec to the control tube, es wes the flor- 
meter. 

Dissocistion was found to be cuite high, the 
lowest percentszges obtsined being £55 at S50° end 45% et 
1250°, This wes probably cue to the rele tively lerge srea 
of heated nickel surfece. At low retes cof flow, cis- 


seciztions ss high os SSR were observed. 


(c} Time of Run ‘ 


All runes were #4 hours in ¢uration. Cuek 

























‘@ time wis sbout the minimum which reuld ineure © ecese of 
measureable cherecteristics. 

(a) Tomeern ture. 

Huns were mede et temperetures of 850° end 

LESOSF., with one exception. These tea erstures were 

chos@n #& representative of low end nigh tempers tere 

nitriaing concitions, respectively. 


Hun number four, the @uplex cycle, wss sterted. 





«t the lewer tempersture, snd the hert raised twice during 

the yun, es fociested In toe tempereture-time Clegrim of 
figure six. 

{e) Catvalyste. 

Cetelyste vere used in the powdered form. 

Excest in the ceve of sodium eysnide, enprozimately FO 

e.c. of the cetelyst was fed into eecn tube et the entrar 





or monitci¢ end, just clesr of the rubber stoppers, end 
leveled off te permit free peesece of smnonic. Tempere- 
tures over the catelyst seetion probebly dia not exceed 
G00°Fr, 

About » o.c. of sodium cyanide were epreed 
in » vercelsin boat aml slaced in the tube. #ven this 
the rubber storfers sever] times. Because of the dexger 
of eyanide ges, only one run was mefe with sodium cyani 





small quevbity prediicet dengerous pressur 
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2. Methee of Conducting Rune. 
ihe procedure used wee es Lolloyrs: 

dhe furnece wes brought te the ceelred tempers- 
ture by metns cf the Bend rheostst. fémmonis ene then 
turneé on at the tank stop veive, and by the ainifcid wolves 
to ell tubes in use, rete of flow being spproxisetely ade 
justed by flowmeter end bubble rete. Gtoppers vere then 
removed from the entrance ends of esch tube in ture, 
the desired cetelyst added, and the stoppers repleced. 
&fter » few minutes to insure that «13 sir in ibe bubes 
hec heen replaced by ammoniz, the exit stoppers were re- 
moved, the specimens inserted enc pushed to the center of 
the tube with s messured rod. Ine tubes were then tightly 
closed, and flow rate «ccurstely edjusted. 

Gnitil estesiy concitions obtained, fre uent reac 
ing® were teken of temperature, rate of ree, end aissoecle- 
tion, and adjustments asde in flown rate es nesegsaery. sfter 
conditions beesme constent, gee ings rere reeerdéec at regular 
intervals, generelly every four houre, till the end of the 
run. After the run,tubes were removec from the furneee to 
cool but were kept clesed, amd emmonis sliowed to flow et 


& reduced rate, to prevent oxidstion of the specimens. 


vtice 
TV. RESULTS £AND CONCLUSIORS, 


L. Uffeet of Use of Catalysts upon Herdnese and 
Depth of Crse. 


Five runs were mece Bith this study in view, 
anc the results plotteé showing Herbert pendulum reetings 
veeinet depth for #11 specimens in Figures Three to Six. 
instead of smooth curves, point to point Lines were ¢rewn, 
showing the exact reedings obtained. The resson for this 
construction wes thet the frecuent striking similsrity 
between slopes of corresponding portions of different 
"ourves”® es shown in these figures might prove ef possible 
Signifleence, 

Hesults can perhepse be ciscussed more cleerly 
if eech cetelyst is consicerec separately. 

Sodium cyenide in its single sepperrence gzeve 
@ Gistinet end wniform increese in haréness., It «lao 
shomed the most marked increrse in case depth of eny of 
the catalysts. This wes especially gratifying in thet 
the run with this cetalyst wes interrupted by several smell 
explosions, during which ¢ large part of the active reagent 
eseaped as cyenicde ces, It is regretted thet further in- 
yvestigetion of this and other ¢tcyanides was Linadvissble on 
the type of epparetus used. 

Sodium carbonate geve n good increese in herde- 
ness, its effect being greetest at the lower temperature 


renge snd least et the higher. The effect on depth of ccse 


=1 6 


was negligible for ell three runs. 

Calcium carbonete grve results the reverse of 
the sodium selt, giving excellent haréness increcse «et high 
temperature with decrezsing effect with recucec tempersture. 
Effect on Gepth of case wee slight. 

Aluminum chloride et lower temper< tures 
meterisliy incressecd not only the meximum hereness, but 
the Gepth renge over which hich hardness wee observed. 
There wes s marked feiling of f of this effect st the higher 
teapereture. 

Cnhlorinatec lime showed the aost consistent 
results of any of the catelystse, giving marred herdness 
inerense over the entire cGepth of case on e111 runs. Actual 
depth of cese was incressed st the lor temperzture rum, 
but not on the others in eny merzec degree. 

& mixture of the last two compouncs was used 
for comperison in the fifth run. The case obtained wes 
nearly the equsl of a non-catslyst case obtainec with e 
greatly incressec ammonic flow. This is shown by the 
deptheherdneecs curves of Figure Seven. 

Figure Hine shows the results of rum number 
four plotted on a semi~logarithmic sczle efter the method 
edvenced by George &. Beton (Reference 11). This method 
demonstrstes more exactly the reletive wear resistence 


thet might be expected from the various specimens, 


ia a eee 
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8. Effeet of Increase in Rate of Flow Upon Herdness 
and Deoth of Cese,. 
















These results sre teken fros runs 1, &, enc § 
and ere shown in Figure Hight. They inéieste thet increased 
rates of flor at both high anc low temoeratures result in 
incrensec meximun herdness end totel réngs over which the 


heréer ease exists. This is in verience with the results 





ohteined by Robert Ssergeson, who steted in hie "Investige- 
tions in Nitriding® (Reference 6), thet incresse in flow 





resulted in deeper and herder cases at the higher temperr- 
tures, but had Little or no effect at 950°, 
&. &fFfect of Use of Catalysts upon Incresse in £DH 
sorotion by Eeight. 

To determine whether the presence of « catalyst. 
caused an inecrezse in the weight of absorbed nitrogen, 
three runs were mace, one at low tempersture, one et high, 
and one duplex cycle. The resulte ere tebuleted belo, 


ana generslly indicate thet the use of « catelyst is ee- 





cospenied by an increase in reignht of absorbec ges, ex- 
eept in the case of sluninun chlerice, which for some 
ressorn brings incrersed herdness without inerezaed total 
ebsorgtion. It must be remembered, however, thet only 
two surfeces of each specimen were preparec fer nitriding 
end vwerietlone in surfece conéitions of the four unpolished 


-19- 
surfeces on each specimen might cause lerge cifferences in 
the effective sree exposed to nitricing. Lergéer snecinens 


more eerefully oreperec should give more consistent results, 
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4. Effect of Use of Cetilysts vepon Quslity of Cese. 
£11 specimens vere given the no-lo:d test in the 
Rockwell mechine with diamond cone end the ixmpressions 
examinee by microscope. Amount of spelling observec om each 


{fe teabuloted belo, 
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TABLE III. 

TT 
Run Wo. end Temp. 1-950" @-950° %-1250° 4-Du- 
Catalyst 
Rone None Rone wuch 
NeCn Kone ~w 
Ne. CO, Kone Rone Kone 
Ca 00. Hone Very Slight 

7 Slight 
Ca 0 Cl Hone Slight Moderete 
Al Cl, Rone None Much 


These results, while inconclusive, indicete 
that the increased nardness imparted by the cetalytie e¢ at 
WeS nol eccompriied by « éefinite itneresse in cese brittle= 
ness. 

It ig of interest to note that spelling 
tendency seems to svecompsxny the higher nitriding .tempera- 


tures, 


oft 
5. Lffeet of Use of Catalysts on Microstructure. 


éfter completion of Herbert penculum tests, 
specimens were given # flnel polish anc etched. The effect 
of the criginal taper wes to procuce « grectly exageerer ted 
depth of cese. Specimens thet hed been nitriced «t high 
temperature hed appsrent cases extending hi if their length, 
and five distinct leyers were easily visible, the firet 
white, the othere receiving different cclors in the etch- 
ing procesa. 

No distimct chenge in structure attributeble 
to the use of extalysts could be observed unéer the micro- 
secpe. There geemec to be s slight incresse in the cosrse- 
ness and in the white ereas in the Specimen thst ned been 
nitridsé in the presence of 2 catalyst, but even st very 
high power the difference wes not sufficient to precluce 
the possibility of error due to slight difference in 
amoun. of etch, or in locrting correspending regione on 
aqifferent specimens. 

The hard spot of ech specimen os determined 
by the Herbet pendulum wes located, sna upon microscopic 
examination, wss found to be at or very nexr the trans- 
ition point between the white outer lryer and the séjecent 
derk leyer. it was assumed, therefore, thet maximum herc- 
ness occurred et this transition point, end photomicro- 


graphs were teken of this region on the control specimens 


MRR 


ef runs two, tiwe, end four, enc on the specimens ¥Yhich 
shoved maximum hercdness of the same runs. These photo- 
micrographs ere eppended (Figures 10-15). 

4% Hitrie scid wes used #8 the etching reagent 
ee giving mors setisfactory results then any other of 
severe] reezgents tried. The visual etched case wes 
identiecs1 with thet indiceted by the Herbert pendulun, 

&, Conelusions. 

The results of this investigetion inéicete thet 
the hardness of the nitridecd case is considerably in- 
creesed if a small quantity of eny one of several com- 
pounds, or catéelysts, is introduced into the furnace so 
ag to come in contsect with the emmonia ges et or near the 
region where dissocistion begins. These compounds are 
sodium and esleium cerbonnates, sodium cysnite, aluminium 
ehlorice, enc chiorineted lime, Chlorinated lime géve 
the most consistent improvement, although beneficial 
results were observec with ell. 

This hardness inereese is sccompanied by aA 
Slight increrse in case cepth, anc with the possitle ex- 
ception of aluminum chlorice, incresse in the total weight 
of sbsorbead gases. There wes no merxed chenge in micro- 
structure end, as fer as the Rockrell test would show, no 


positive loss in cuelity of czse. 
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Results also in  teete thet increase in seamonte 
flow produces ineressed herdness enc case depth, over 
the entire tempereture range. 

The effects of the various entelysts sre 
beyone the writer's «ebility to aualyze. & poseible explan- 
etien is thet in the early steges of nmitriding overrtion, 
the catalyst rescts with the ciss@eicted hycroren, per- 
haps digturbing the equilibrium point eni crusting further 
disscesation. The material to be nitricec te subjected to 
a concentratec atmosphere of mescent nitrogen, :nc nitrid- 
ing proceeds under optimum conditions. The ssorption 
of hydroren cecrerses efter some time, «5 the cetelyat 
loses its strength, ond the nitriding etmosphere ¢p- 
prosches « usuel composition. Puring the e:riy perio“, 
however, the meterisl] being nitrided hes built up « 
thin nitroren-seturated surfseee which resists the eb- 
sorption of the hydrogen, but permits nitrogen to enter 
as the esse deepens. The early formstion of the ideal 
surfzce with the essistance of the coetelyst cruses 
conditions thet fevor en improvec case curing the entire 
rum. This is in eeeerdance with the theory edvenced for 
the herd, deep case obtsinec on the duplex rm, which 
Suggests thet the low tempersture st the stert of the run 
causes the selective absorption of nitrogen, rorwing a 


thin hard ease, and this surfscée condition decresses 
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aan — a 
later ebsorption of hyérogen, even et the higher end 19 
favorable tempers tures. z ; 
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Ve. RECOMMENDATIONS - ACKNOWLEDGRENT. 

It if reslize@ thet the results obtelned in 
this investigetion tre Little more them en Indication, 
and that much importent dete wes incompletely determined 
or wee entiraly neglected. Limitetions ef the enprerretus 
are partielly responsibie, but inexperience end ine 
sufficient time were the princios] fectors. 

feongs the itenme neglected in this work which 
should be inelwied in further investigetion ere: (1) «= 
more complete snelysis and control af élasocistion 
conditions, (2) effeet of varying duretion of run, (2) 
effect of verying amount of cetslyst, (4) further micro- 
anglysis, (5) more practical testa of case cuslity, (6) 
other cetalysts. 

The investigation wes cerried cut with the 
fecilities ané hesrty cooperrtion of the Betellur ical 
Depertment, Sehool of Hinerrl Industries. dir. J. Pe 
Long of this depertment sugcestec the voesibility of 
researeh in the field of catalysts in nitriding, essisted 
in the design snd construction of tne tepparetus, onc 
during the entire investigetion. He is lergely responsibk 
for its success, 

Dr. B. B. Korthrup, Director of the Extension 
Department, School of Minersl] Industries, eseisted greetly 
Curing the investigation, end the preperetion of this 


report. Profeesor J. 0. Keller, of the Exteneton Depsrteent 





School of Engineering, mage pessible the use of the 
Pendulum in the investigetion, and assisted personally in 
its use. His treatise on the machine (Keference 10) wes 
freely consulted during this phase of the work. . 
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